MATERIALS AND METHODS

Purification of ribosomes, translation factors, aminoacyl-tRNA (aa-tRNA) synthetases, tRNAs, and mRNAs
Tightly-coupled 70S Escherichia coli ribosomes were purified by sucrose density gradient ultracentrifugation using a previously described protocol 1, 2 . Once purified, 70S ribosomes were stored at -80° C in a buffer containing 10 mM Tris-acetate (pH25 °C = 7.5), 60 mM ammonium chloride, 7.5 mM magnesium acetate, 0.5 mM ethylenediamine tetraacetic acid (EDTA), 6mM 2-mercaptoethanol, and 40% (v/v) sucrose 2, 3 . E. coli initiation factors (IFs) 1, 2, and 3; elongation factors (EF) Tu, Ts, and G; MettRNA fMet formyltransferase and Met-tRNA (f)Met synthetase were all purified and stored as previously described 2, 4 .
A Phe-tRNA Phe synthetase containing a six-histidine (6´ His) tag at its N-terminus was purified from an overexpression strain kindly provided by Prof. David Tirrell (California Institute of Technology) 5 . Val-tRNA Val synthetase, Glu-tRNA Glu synthetase, and Arg-tRNA Arg synthetase overexpressing strains were kindly provided by Prof. Jack Szostak (Harvard Medical School). All four aminoacyl-tRNA synthetases were purified as previously described 6 . See the section below, entitled "Preparation of aminoacyl-tRNAs", for a description of the procedures that were used to determine the aminoacylation efficiencies of the purified aminoacyl-tRNA synthetases.
All E. coli amino acid-specific tRNAs used in this study (tRNA The mRNAs used here were variants of a previously described, truncated, and mutated variant of the wild-type mRNA that encodes gene product 32 from bacteriophage T4 (denoted as the T4gp321-20 F2K/K3F/R4E/K5V/S6Y mRNA in reference 8). Plasmids to be used as templates for in vitro transcription of these mRNAs were prepared using standard molecular cloning Fleisher, R.C., Cornish, V.W, and Gonzalez, R.L., Jr.
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techniques. Briefly, a pUC119-based plasmid encoding T4gp321-20 F2K/K3F/R4E/K5V/S6Y under the control of a T7 RNA polymerase promoter (denoted as the T4gp321-20 F2K/K3F/R4E/K5V/S6Y plasmid in reference 8) was used as a template for mutagenic PCR. Mutagenic PCRs were performed using nested primers containing the base pairs to be mutagenized (Table S1 ).
Following fusion PCR assembly, the resulting PCR products were digested with restriction endonucleases EcoR1 and BamH1 and were then ligated into T4gp321-20 F2K/K3F/R4E/K5V/S6Y plasmid DNA that had been digested with the same restriction endonucleases so as to generate the appropriate ends for PCR product ligation. Ligated DNA was transformed into E. coli, single colonies were selected, and the presence of the desired mutations were verified by DNA sequencing. All mRNAs were in vitro transcribed using T7 RNA polymerase from linearized plasmid DNA templates following previously published, standard protocols 2, 4 .
Synthesis of 3,5-dinitrobenzyl active ester (DBE) and cyanomethyl active ester (CME) for acylation onto tRNAs using the 'flexizyme' system 7 L-and D-Lys-DBE and L-Phe-CME were all used from batches that were synthesized and characterized previously 3, 8 .
Preparation of aminoacyl-tRNAs
We note that 'fMet' always denotes the L stereoisomer and that the stereochemistry of all other amino acids is called out explicitly. fMet-tRNA fMet was prepared in a previously described, ) were prepared using the corresponding aa-tRNA synthetase (purified as described above), amino acid, and tRNA using a previously published protocol 2, 10 . The fifth Laa-tRNA (L-Phe-tRNA Glu ) was a misacylated aa-tRNA and was prepared using the 'eFx' variant of the 'flexizyme' developed by Suga and coworkers 7 , L-Phe-CME, and tRNA Glu using a previously described protocol The efficiency of the aminoacyl-tRNA synthetase-based aminoacylation reaction for tRNA Arg was determined using a previously published procedure in which acidic polyacrylamide gel electrophoresis was used to separate unacylated tRNA Arg from aminoacylated L-ArgtRNA Arg (10) .
The efficiency of the aminoacyl-tRNA synthetase-based aminoacylation reaction for tRNA Phe was determined using a previously published procedure in which hydrophobic interaction chromatography was used to separate unacylated tRNA Phe from aminoacylated L-Phe-tRNA Phe (2) .
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Typical aminoacylation efficiencies were ~30 % for , and ~30 % for L-Phe-CME on tRNA
Glu
. For aa-tRNAs prepared using either the 'flexizyme'-or aa-tRNA synthetase-based aminoacylation reactions, the aminoacylation efficiencies were used to calculate the final concentrations of aa-tRNA that were used in the tripeptide synthesis reactions.
Tripeptide synthesis reactions
General scheme
Tripeptide synthesis reactions were performed following a previously published protocol with minor modifications 
Tris-Polymix Buffer for tripeptide synthesis reactions
Tripeptide synthesis reactions were performed in a Tris-Polymix Buffer made up of 50 mM
Tris-acetate (pH25 °C = 7.5), 100 mM potassium chloride, 0.5 mM calcium acetate, 3.5 mM magnesium acetate, 5 mM ammonium acetate, 6 mM 2-mercaptoethanol, 5 mM putrescine, and 1 mM spermidine.
Preparation of translation initiation reaction mixture
16.4 µL of translation initiation reaction mixture was prepared in Tris-Polymix Buffer.
Tightly coupled 70S ribosomes, IF1, IF2, IF3, and GTP were mixed and incubated at 37º C for 10 minutes (min). mRNA was then added, followed by a second incubation at 37º C for 10 min. 
Tripeptide synthesis reactions
Prior to beginning the tripeptide synthesis reaction, 1.2 µL of the EF-G reaction mixture was combined with 6.4 µL of each of the tubes containing the translation initiation reaction . eTLCs were run for 30 min at 1200 V, expect for fMet-L-Lys-Val and fMet-D-Lys-Val tripeptide synthesis reactions, which were run at 800 V for 1 hour. eTLC plates were then dried, exposed to a phosphorimaging screen overnight (GE Healthcare Life Sciences), and analyzed on a Typhoon® FLA 7000 phosphor imager ( Figs. 2A and 3A) .
Analysis of tripeptide synthesis reactions
The intensities of eTLC spots corresponding to di-and tripeptide products (I di and I figure) .
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